The 1 : 1 reactions of triphenylborane 1 with monoalkyn-1-yltin compounds Me 3 Sn-C≡C-R 1 2 [R 1 = t Bu (a), Ph (b), ferrocenyl (c), Si(H)Me 2 (d), SnMe 3 (e)] afford mainly (> 80 %) the corresponding alkene derivatives 3 by 1,1-phenylboration. Exchange B-Ph/Sn-C≡C-R 1 takes place as a side reaction. The corresponding 1 : 2 reaction with 2b leads to the dialkenylborane 4b (R 1 = Ph), of which the molecular structure could be determined by X-ray analysis. In contrast, the 1 : 2 reaction with 2e gave an allene derivative 5e. The solution-state structures of compounds 3 -5 have been confirmed by 1 H, 11 B, 13 C and 119 Sn NMR spectroscopy.
Introduction
1,1-Alkylboration of various alkyn-1-yl metal compounds as a versatile method for forming new carboncarbon bonds has been extensively studied [1, 2] . The products are attractive for various catalysed carboncarbon coupling reactions, making use e. g. of the Sn-C(sp 2 ) [3, 4] or the B-C(sp 2 ) bond [5] . The 1,1-alkylboration proceeds by cleavage of the M-C (alkyne) bond via an alkyn-1-ylborate-like intermediate A(1) [1] towards an alkene B, in which usually the boryl group and the metal fragment are in cis positions at the C=C bond [1] (Scheme 1). In contrast with numerous trialkylboranes, triphenylborane 1 has not been studied in a systematic way in this context. Except for qualitative experiments with alkyn-1-yltin compounds [1] , this borane 1 has been used only occasionally in reactions with some alkyn-1-ylsilanes [6 -8] . It is known that the formation of alkenes of the type B is reversible, depending on the substituents R and R 1 [1] . Since B is also a triorganoborane, it may compete, once it is formed, with BR 3 in the reaction with 0932-0776 / 07 / 1200-1509 $ 06.00 © 2007 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com L n M-C≡C-R 1 . Moreover, considering the intermediate A(1), other reaction pathways are conceivable, depending mainly on R, e. g. exchange reactions leading to R-ML n and alkyn-1-ylboranes R 2 B-C≡C-R 1 . In this work, we report on the reaction of triphenylborane 1 with several monoalkyn-1-yltin compounds 2, carried out in a 1 : 1 or 1 : 2 ratio. Scheme 2. 1,1-Phenylboration of monoalkyn-1-yltin compounds 2.
Results and Discussion

Reaction of triphenylborane 1 with monoalkyn-1-yltin compounds 2 (1 : 1 ratio)
In all cases studied, the reaction shown in Scheme 2 proceeds mainly to the alkenes 3. The formation of 3, monitored by 119 Sn NMR spectroscopy, was accompanied by side reactions (ca. 10 -15 %). Since Me 3 Sn-Ph (δ 119 Sn = −28.4 [9] ) was identified as one of the side products from the beginning in the reaction solutions, Ph/C≡C-R 1 exchange competes with the 1,1-phenylboration. The alkyn-1-ylborane Ph 2 B-C≡C-R 1 could not be detected, since it is probably even more reactive towards 2 than BPh 3 , and therefore may be the source of numerous other side products. After several hours unassigned 119 Sn NMR signals began to grow. The results for the reaction of 1 with 2d were reported previously [8] . In the case of 3e, some of the new growing 119 Sn NMR signals were in the region typical of allenyltin compounds [10 -12] (vide infra).
Reaction of triphenylborane 1 with monoalkyn-1-yltin compounds 2 (1 : 2 ratio)
The alkenylboranes 3 are likely to react with a second equivalent of 2, and this can be achieved stepwise or in one reaction. Two major reaction pathways are conceivable, considering again an alkyn-1-ylborate-like intermediate A(2) as shown in Scheme 3. Migration of one of the remaining B-phenyl groups from boron to the neighbouring alkynyl-carbon atom in A(2) affords the dialkenylborane 4b (R 1 = Ph). This compound crystallised readily from the reaction mixture, and its molecular structure could be determined by X-ray analysis (vide infra). The analogous reaction starting from triethylborane and two equivalents of trimethyl(propyn-1-yl)tin led to a substituted borol-3-ene [13] . A dialkenylborane, comparable with 4b, Table 1 . 119 Sn, 11 B and 13 C NMR data a for the alkene derivatives 3a -e, 4b (Schemes 2, 3). although not detected, was considered as an intermediate [13] . Heating of 4b for prolonged times at 110 • C in toluene caused decomposition instead of rearrangement into a borol-3-ene.
Alternatively (R 1 = SnMe 3 ), the B-alkenyl group may be transferred from the boron to the neighbouring alkynyl-carbon atom leading to a buta-1,3-diene derivative as shown. Such boranes are known to undergo a fast and in these cases irreversible allylic rearrangement [14] to give organometallically substituted allenes [10 -12] such as 5e.
NMR spectroscopic studies
The proposed solution-state structures of compounds 3, 4 and 5 are consistent with the set of NMR data (Table 1 and Experimental Section). The 11 B NMR signals are rather broad, typical of phenylboranes, with characteristic δ 11 B values [15] . The olefinic 13 C NMR signals of 3 and 4 are broad (B-C=; scalar relaxation of the second kind [16] ), and sharp (Sn-C=), and the latter are accompanied by 117/119 Sn satellites corresponding to 1 J(Sn, 13 C) [9, 17] . Other satellites for n J(Sn, 13 C) (n > 1) support the assignments. The 119 Sn NMR signals for 3 are broadened as a result of partially relaxed three-bond 119 Sn-11 B spinspin coupling. This is most particularly evident for 3e, where the stannyl groups are in trans and cis positions with respect to the boryl group (Fig. 1) [9, 17] . In the case of 4b, the data correspond to structural features determined for the solid-state structure (vide infra).
The allene derivative 5e provides a large set of 13 C and 119 Sn NMR data, all of which support the proposed structure. The 13 C NMR spectrum (Fig. 2) shows the 
X-Ray structural study of the dialkenylborane 4b
The molecular structure of 4b is shown in Fig. 3 together with selected structural parameters. The surroundings of the boron atom are trigonal planar within the experimental error, which is also true for all threecoordinate carbon atoms in this molecule. All bond lengths and angles are in the expected range. Although the plane of the B-phenyl group is only slightly twisted against the B,C1,C15,C1A plane, ideal for BC(pp)π interactions, the C-C(B-Ph) distances show the usual pattern, similar to that of the C-Ph groups in 4b. The orientation of the C-Ph and the alkenyl groups minimises steric interactions between phenyl groups and Me 3 Sn groups.
Experimental Section
General
The preparative work and the handling of samples were carried out observing necessary precautions to exclude traces of air and moisture. Carefully dried solvents and oven-dried glassware were used throughout. Triphenylborane 1 [18] and the alkyn-1-yltin compounds (2a [19] , 2b [20] , 2c [21] , 2e [20] ) were prepared following literature procedures. NMR measurements (5 mm 
1,1-Phenylboration of the alkyn-1-yltin compounds 2a -e with triphenylborane 1 (general procedure)
To the solution of triphenylborane 1 (1.0 -1.5 mmol) in 5 mL of THF a solution of 1 or 2 eqvivalents of the respective alkyn-1-yltin compound 2 in THF (5 -10 mL) was added at r. t. After 30 -60 min the solvent was removed in a vacuum, and a pale yellow or dark red (3c) oil remained. According to NMR spectra, the alkenes 3 and the allene 5e were pure (ca. 85 -95 % 
Crystal structure determination of the dialkenylborane 4b
A crystal of appropriate size was sealed under argon in a Lindemann capillary, and the data collection was carried out at 20 • C. The reflection intensities were collected on a Siemens P4 diffractometer (MoK α radiation, λ = 71.073 pm, graphite-monochromated). Structure solution and refinement were carried out with the program package SHELXTL-PLUS V.5.1. All non-hydrogen atoms were refined with anisotropic displacement parameters. The hydrogen atoms were placed in calculated positions and refined by applying a riding model with fixed isotropic displacement parameters. C 40 [23] .
